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[Title of the Invention] PANEL ASSEMBLING METHOD AND 
APPARATUS 

[Abstract] 

[Object] To provide a panel assembling method and a panel 
assembling apparatus in which panels can be bonded to each 
other in vacuum with high accuracy even when the panels is 
increased in size and decreased in thickness. 

[Construction] A bonding process is performed in vacuum in 
a state where an electrostatic adsorptive force is applied 
to an upper panel by a pressing plate and thus the upper 
panel is held by the pressing plate. The upper panel is 
held by the pressing plate with a suction adsorptive force, 
the upper panel is dropped and caught at a position slightly 
apart from the pressing plate because of removal of the 
suction adsorptive force in the process of decompression, 
and the electrostatic adsorptive force is applied to the 
upper panel, thereby allowing the pressing plate to hold the 
upper panel. In this state, the bonding process is 
performed in vacuum. 

[Claims] 

[Claim 1] A panel assembling method in which one panel is 
held on a lower surface of a pressing plate and the other 
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panel is held on a table such that both panels are opposed 
to each other, and in which both panels are bonded to each 
other by narrowing a gap therebetween with an adhesive 
provided on any one panel, 

wherein the bonding is performed in a state where an 
electrostatic adsorptive force is applied to one substrate 
from the pressing plate to allow the pressing plate to hold 
one substrate. 

[Claim 2] A panel assembling method in which one panel is 
held on a lower surface of a pressing plate and the other 
panel is held on a table such that both panels are opposed 
to each other, and in which both panels are bonded to each 
other by narrowing a gap therebetween with an adhesive 
provided on any one panel, 

wherein the bonding is performed by allowing the 
pressing plate to hold the upper panel with a suction 
adsorptive force in the atmosphere, catching one panel 
dropped by means of removal of the suction adsorptive force 
in the course of decompression at a position slightly apart 
from the pressing plate, and allowing the pressing plate to 
apply an electrostatic adsorptive force to the caught panel 
and to hold the caught panel. 

[Claim 3] A panel assembling method in which one panel is 
held on a lower surface of a pressing plate and the other 
panel is held on a table such that both panels are opposed 
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to each other, and in which both panels are bonded to each 
other by narrowing a gap therebetween with - an adhesive 
provided on any one panel, 

wherein the bonding is performed by allowing the 
pressing plate to hold and press one panel with a suction 
adsorptive force in the atmosphere and applying an 
electrostatic adsorptive force to the one panel from the 
pressing plate before or after the suction adsorptive force 
disappears in the course of decompression so as to allow the 
pressing plate to hold the one panel. 

[Claim 4] A panel assembling apparatus in which one panel 
is held on a lower surface of a pressing plate located at 
the upside of a vacuum chamber and the other panel is held 
on a table located at the downside of the vacuum chamber 
such that both panels are opposed to each other and in which 
both panels are bonded to each other by narrowing a gap 
therebetween with an adhesive provided on any one panel in 
vacuum, the panel assembling apparatus comprising: 

means for holding one panel on the pressing plate with 
a suction adsorptive force, means for holding the one panel 
on the pressing plate with an electrostatic adsorptive force, 
means for catching the one panel at a position slightly 
spaced from the pressing plate when the suction adsorptive 
force disappears in the course of decompressing the vacuum 
chamber or means for pressing the one panel to the pressing 
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plate, and means for applying at least the electrostatic 
adsorptive force and holding the one panel on the pressing 
plate when the one panel is placed on the catching means or 
the pressing means. 

[Claim 5] A panel assembling apparatus in which one panel 
is held on a lower surface of a pressing plate located at 
the upside of a vacuum chamber and the other panel is held 
on a table located at the downside of the vacuum chamber 
such that both panels are opposed to each other and in which 
both panels are bonded to each other by narrowing a gap 
therebetween with an adhesive provided on any one panel in 
vacuum, 

wherein the table can be horizontally moved to the 
outside and inside of the vacuum chamber, and 

wherein the panel assembling apparatus comprises means 
for patterning an adhesive material in a closed pattern on 
the other panel on the table located at the outside of the 
vacuum chamber, means for dropping liquid crystal in the 
closed pattern of the adhesive material on the other panel 
on the table, means for holding one panel on the pressing 
plate with a suction adsorptive force, means for holding the 
one panel on the pressing plate with an electrostatic 
adsorptive force, means for catching the one panel at a 
position slightly spaced from the pressing plate when the 
suction adsorptive force disappears in the course of 
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decompressing the vacuum chamber or means for pressing the 
one panel to the pressing plate, and means for applying at 
least the electrostatic adsorptive force and holding the one 
panel on the pressing plate when the one panel is placed on 
the catching means or the pressing means. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Applicability] 

The present invention relates to a panel assembling 
method and a panel assembling apparatus in which two panels 
are bonded to each other by opposing the two panels to each 
other in a vacuum chamber and narrowing a gap therebetween 
in vacuum. 

[0002] 

[Description of the Related Art] 

In manufacturing liquid crystal display panels, there 
is a process in which two sheets of glass panels on which 
transparent electrodes or a thin film transistor array is 
formed are bonded to each other with an adhesive 
(hereinafter, also referred to as "sealing material") with a 
very small gap of several microns therebetween (hereinafter, 
the bonded panel is referred to as a "cell") and liquid 
crystal is enclosed in the gap therebetween. 
[0003] 
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As a technique for enclosing the liquid crystal, there 
is known a method disclosed in Japanese Unexamined Patent 
Application Publication No. S62-165622 in which the liquid 
crystal is dropped on one panel on which the sealing 
material is drawn in a closed pattern without an injection 
port, the other panel is disposed above the panel, and then 
the panels are bonded to each other by allowing the panels 
to approach each other in vacuum or a method disclosed in 
Japanese Unexamined Patent Application Publication No. H10- 
26763 in which the sealing material is drawn in a pattern 
with an injection port on one panel, the panels are bonded 
to each other in vacuum, and then the liquid crystal is 
injected through the injection port of the sealing material. 

[0004] 

[Problems to be Solved by the Invention] 

Conventionally, both panels are bonded to each other in 
vacuum regardless of before or after the sealing material is 
patterned. In vacuum, the panels cannot be adsorbed using a 
difference in pressure from the atmosphere, unlike in the 
atmosphere . 

[0005] 

When the edges of an upper panel are mechanically held, 
the center portion thereof is warped. The amount of warp is 
more and more increased with increase in size and decrease 
in thickness of the panels. 
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[0006] 

Since the positioning is performed by using the 
positioning marks provided at the circumferential edges of 
the respective panels, the great amount of warp enlarges the 
gap between the edges of both panels, thereby making the 
positioning difficult. 

[0007] 

In addition, since the center portion of the upper 
panel come in contact with the lower panel earlier than the 
circumferential portions thereof due to the warp of the 
upper panel, spacers scattered between the panels for 
keeping the gap between the panels constant are moved, 
thereby damaging alignment films or the like formed on the 
panels . 

[0008] 

Practically, since the upper and lower panels have the 
same size, the holding tolerance is not provided. 
[0009] 

As a result, it is an object of the present invention 
to provide a panel assembling method and a panel assembling 
apparatus in which panels can be bonded to each other with 
high accuracy in vacuum even when the panels are increased 
in size and decreased in thickness. 
[0010] 

[Means for Solving the Problems] 
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The present invention for solving the above-mentioned 
object is characterized in that an electrostatic adsorptive 
force is applied to an upper panel from a pressing plate to 
hold the upper panel on the pressing plate, thereby 
performing a bonding process in vacuum. 

[0011] 

The present invention is also characterized in that the 
bonding is performed in vacuum by holding the upper panel on 
the pressing plate with a suction adsorptive force in the 
atmosphere, catching the upper panel which is dropped by 
means of removal of the suction adsorptive force in the 
course of decompression at a position slightly apart from 
the pressing plate, and allowing the pressing plate to apply 
an electrostatic adsorptive force to the caught upper panel 
and to hold the caught upper panel again. 
[0012] 
[Embodiments] 

Now, an embodiment of the present invention will be 
described with reference to the drawings. 
[0013] 

In Figs. 1 to 3, a panel assembling apparatus according 
to the present invention comprises a liquid crystal dropping 
unit SI and a panel bonding unit S2 . The units are disposed 
adjacent to each other on a stand 2. A frame 3 for 
supporting the panel bonding unit S2 is disposed above the 
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stand 2. The surface of the stand 2 is provided with an XY0 
stage Tl. An X stage 4a is movable with a driving motor 5 
in the X axis direction, that is, between the liquid crystal 
dropping unit SI and the panel bonding unit S2 . AY stage 
4b is disposed on the X stage 4a and is movable with a 
driving motor 6 in the Y axis direction perpendicular to the 
X axis direction in which the X stage 4a is moved. A 0 stage 
4c is disposed on the Y stage 4b and is rotatable 
horizontally about the Y stage 4b with a driving motor 8 
through a rotation bearing 7. A table 9 for mounting a 
lower panel la is fixed onto the 9 stage 4c. A lower chamber 
10 is fixed to the Y stage 4b through a plate 13. The G 
stage 4c is provided to the lower chamber 10 through the 
rotation bearing 11 and a vacuum seal 12 to be rotatable 
about a shaft A. When the 0 stage 4c rotates, the lower 
chamber 10 does not rotate together. 
[0014] 

The liquid crystal dropping unit SI comprises a 
dispenser 17 supported by a bracket 14 protruded from the 
frame 3 so as to drop a desired amount of liquid crystal 
onto the lower panel la held on the table 9, a Z stage 15 
for vertically moving the dispenser 17, and a motor 16 for 
driving the Z stage 15. The XY9 stage Tl in which the lower 
panel la is mounted on the table 9 is moved in the X and Y 
directions with respect to a nozzle 18 of the dispenser 17 
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for dropping the liquid crystal. As a result, the desired 
amount of liquid crystal can be dropped at any position on 
the lower panel la. 
[0015] 

The XY9 stage Tl mounted with the lower panel la onto 
which the liquid crystal has been dropped is moved below the 
panel bonding unit S2 by the driving motor 5. 

[0016] 

In the panel bonding unit S2, the upper chamber 21 and 
an electrostatic adsorption plate 28 therein are vertically 
movable independent of each other. That is, the upper 
chamber 21 has a housing 30 with a linear bush and a vacuum 
seal built therein and is guided by the shaft 29 and moved 
in the Z axis direction by the cylinder 22 fixed to the 
frame 3 . 

[0017] 

When the XY9 stage Tl is moved to the panel bonding 
unit S2 and the upper chamber 21 goes down, a flange of the 
upper chamber 21 comes in contact with an O ring 44 disposed 
around the lower chamber 10 to form a body, which serves as 
a vacuum chamber. 
[0018] 

The amount of crush of the 0 ring 44 is set such that 
the vacuum chamber can be kept in vacuum by adjusting the 
downward stop position of the upper chamber 21 and the 
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maximum elasticity can be obtained. 
[0019] 

The housing 30 has a vacuum seal which is vertically 
movable with respect to the shaft 29 without vacuum leakage 
even when the upper chamber 21 and the lower chamber 10 are 
deformed to form the vacuum chamber. As a result, the 
housing can absorb a force given to the shaft 29 due to the 
deformation of the vacuum chamber and most deformation of 
the pressing plate 27, which is fixed to the shaft 29 and 
has the electrostatic adsorption plate 28, can be prevented. 
In addition, the upper panel lb held on the electrostatic 
adsorption plate 28 and the lower panel la held on the table 
9 can be kept in parallel with each other, thereby enabling 
the bonding. 
[0020] 

Reference numeral 23 denotes a vacuum valve and 
reference numeral 24 denotes a piping hose connected to a 
vacuum source not shown, which are used for decompressing 
the vacuum chamber into vacuum. Reference numeral 25 
denotes a gas purge valve and reference numeral 26 denotes a 
gas tube connected to a pressure source for nitrogen gas, 
clean dry air, or the like, which are used for restoring the 
pressure of the vacuum chamber to the atmospheric pressure. 

[0021] 

The upper panel lb is held on the lower surface of the 
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electrostatic adsorption plate 28 but the upper panel lb is 
held on the electrostatic adsorption plate 28 by means of 
suctorial adsorption in the atmosphere. That is, reference 
numeral 41 denotes a suctorial adsorption joint and 
reference numeral 42 denotes a suction tube connected to a 
vacuum source not shown. A plurality of suction holes 
connected to the suction tube is provided in the lower 
surface of the electrostatic adsorption plate 28. 
[0022] 

In the atmosphere, the electrostatic adsorption may be 
combined, and when the electrostatic adsorptive force is 
great, the suctorial adsorption may not be used. 

[0023] 

The electrostatic adsorption plate 28 is attached to 
the pressing plate 27 supported by the shaft 29 and the 
shaft 29 is fixed to the housings 31 and 32. The housing 31 
is attached to a frame 2 through a linear guide 34 and the 
electrostatic adsorption plate 28 is vertically movable. 
The vertical movement is performed by a motor 40 fixed to a 
bracket 38 on a. frame 35 connected to the frame 2. The 
delivery of driving power is performed by a ball screw 36 
and a nut housing 37. The nut housing 37 is connected to 
the housing 32 through a load meter 33 and works as one body 
along with the electrostatic adsorption plate 28. 
[0024] 
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Therefore, the electrostatic adsorption plate 28 goes 
down with the descent of the shaft 29 by the motor 40 and 
the upper panel lb comes in close contact with the lower 
panel la on the table 9, thereby giving a pressing force to 
the upper panel lb and the lower panel la. In this case, 
the load meter 33 serves as a pressing force sensor and can 
give the desired pressing force to the upper and lower 
panels la and lb by controlling the motor 40 on the basis of 
signals sequentially fed back. 
[0025] 

Since the lower panel la is mounted in the 
gravitational direction, as shown in Fig. 2, the vertical 
pressing of a pressing roller 82 to positioning pieces 81 
provided in the table 9 is enough for the positioning 
fixation. However, at the time of micro positioning just 
before bringing the panels into contact with each other, the 
lower panel la may be deviated due to the contact of the 
upper panel lb with the sealing material or the liquid 
crystal on the lower panel la or the air between the lower 
panel la and the table 9 may be taken out to deviate the 
lower panel la in the course of decompressing the vacuum 
chamber into vacuum. As a result, the table 9 may have the 
electrostatic adsorption function. By providing a pin which 
can be moved in the Z axis direction on the table 9 and 
grounding the pin, the separation of the cell from the table 
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9 and the prevention of the cell from being charged after 
bonding the panels can be easily performed. 
[0026] 

In Fig. 2, reference numeral 60 denotes a catch claw 
for catching the upper panel lb slightly below the 
electrostatic adsorption plate 28 when the electrostatic 
adsorption plate 28 adsorbs the upper panel by means of 
suction and the upper panel is dropped due to removal of the 
suction adsorptive force in the course of decompressing the 
vacuum chamber. The catch claw is suspended and supported 
by a shaft 59 extending downward from two opposite corner 
positions of the upper panel lb. Specifically, as shown in 
Fig. 3, the shaft 59 is sealed in vacuum with the housing 58 
of the upper chamber 21 and can be rotated and vertically 
moved. That is, the shaft 59 can be further vertically 
moved independent of the vertical movement of the shaft 29 
by a lift actuator 62 fixed to a bracket 63 provided in the 
shaft 29 and can be rotated by a rotation actuator 61. 

[0027] 

Next, the electrostatic adsorption plate 28 for 
adsorbing the panel will be described. 
[0028] 

The electrostatic adsorption plate 28 is made of an 
insulating material and has two square concave portions. 
Flat electrodes built in the respective concave portions are 
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covered with a dielectric material such that the main 
surface of the dielectric material forms the same plane as 
the lower surface of the electrostatic adsorption plate 28. 
The buried flat electrodes are connected to plus/minus DC 
power through proper switches. 
[0029] 

Therefore, when a plus or minus voltage is applied to 
the flat electrodes, minus or plus charges are induced into 
the main surface forming the same plane as the lower surface 
of the electrostatic adsorption plate 28. The upper panel 
lb is electrostatically adsorbed by means of Coulomb's force 
generated with respect to the transparent electrode film of 
the upper panel lb due to the charges. The voltages applied 
to the flat electrodes may have the same polarity or may 
have different polarities. 
[0030] 

Next, a process of bonding a panel by using the panel 
assembling apparatus according to the present invention will 
be described. 

[0031] 

First, a jig holding the upper panel lb is mounted on 
the table 9 and then the XYG stage Tl is moved to the panel 
bonding unit S2 with the driving motor 5. Then, the 
pressing plate 27 or the electrostatic adsorption plate 28 
is lowered through the shaft 29 by the motor 40, the upper 
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panel lb on the table 9 is adsorbed by suction, and then the 
plate is raised by the motor 40. Here, the upper panel lb 
is on standby. 
[0032] 

The XY9 stage Tl is returned to the liquid crystal 
dropping unit SI, the empty jig is removed, the lower panel 
la is mounted on the table 9. Here, the lower panel is 
fixed and held at a desired position as shown in Fig. 2. 
[0033] 

Although not shown in Fig. 1, a dispenser for ejecting 
a sealing material is provided to the frame 3. Accordingly, 
when the sealing material is ejected while moving the lower 
panel la in the X and Y directions with the motors 5 and 6 
of the XY9 stage Tl, the sealing material is patterned in a 
closed pattern on the lower panel la. Thereafter, the 
liquid crystal is dropped onto the lower panel la from the 
dispenser 17. In this case,' since the sealing material 
serves as a dam, the dropped liquid crystal does not flow 
out . 

[0034] 

Next, the XY0 stage Tl is moved to the panel bonding 
unit S2, the upper chamber 21 is lowered with the cylinder 
22, and a flange portion 21a is brought into contact with an 
0 ring 44, thereby forming a vacuum chamber along with the 
lower chamber 10. The vacuum valve 23 is opened to 
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decompress the vacuum chamber. At this time, since the 
upper panel lb is adsorbed on the electrostatic adsorption 
plate 28 by suction, the suction adsorptive force applied to 
the upper panel lb is gradually removed in the course of 
decompression and thus the upper panel lb is dropped with 
its own weight. The dropped upper panel is caught by the 
catch claw 60 as shown in Fig. 2 and is maintained at a 
position slightly below the electrostatic adsorption plate 
28 as shown in Fig. 3. 
[0035] 

When the vacuum chamber has the sufficient degree of 
vacuum, a voltage is applied to the electrostatic adsorption 
plate 28 and the upper panel lb on the catch claw 60 is 
adsorbed by the electrostatic adsorption plate 28 with 
Coulomb's force. In this case, since the vacuum chamber has 
the sufficient degree of vacuum, air does not remain between 
the electrostatic adsorption plate 28 and the upper panel lb. 
As a result, the upper panel lb is not floated when the air 
is taken out. It is important that the upper panel lb is in 
close contact with the electrostatic adsorption plate 28 
without air interposed therebetween. As a result, the 
discharge with the induced charges does not occur. 
[0036] 

When the discharge is performed with the air remaining, 
the air is expanded to separate the upper panel lb from the 
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electrostatic adsorption plate 28 or to destroy the upper 
panel lb made of thin glass. However, in the present 
embodiment, since no air exists, such an abnormal accident 
does not occur. 
[0037] 

Thereafter, the shaft 59 is lowered by means of a lift 
actuator 62, the shaft 59 is rotated by means of a rotation 
actuator 61 so as for the catch claw 60 not to interfere 
with the bonding of the panels, the pressing plate 27 is 
lowered by means of the motor 40, and then the panels la and 
lb are bonded to each other with a desired gap by 
controlling the motor 40 while measuring the pressing force 
with the load meter 33. 
[0038] 

In this case, since the upper panel lb is in close 
contact with the electrostatic adsorption plate 28 and the 
center portion is not warped, the spacers in the liquid 
crystal is not affected bad and it is possible to position 
the panels. In addition, the positioning is performed with 
high accuracy by reading out the positioning marks of the 
respective panels la and lb with an image recognizing camera 
through a not-shown window provided in the upper chamber 21, 
measuring the position through an image processing, and 
minutely moving the respective stages 4a to 4c of the XY0 
stage Tl. 
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[0039] 

When the bonding is finished, the vacuum valve 23 is 
shut and the gas purge valve 25 is opened. As a result, 
nitrogen gas or clean dry air is supplied into the vacuum 
chamber and the vacuum chamber is restored to the 
atmospheric pressure. Then, the gas purge valve 25 is shut, 
the upper chamber 21 is raised with the cylinder 22, the XY0 
stage Tl is restored to the liquid crystal dropping unit SI. 
Thereafter, the cell is separated from the table 9 and the 
next bonding is waited for. Here, since the cell having 
been subjected to the bonding process may be charged, the 
cell may be separated from the table 9 after performing an 
electricity removing process such as bringing the cell into 
contact with a grounded electricity removing bar or blowing 
out ion wind to the cell. The sealing material in the cell 
separated from the table 9 is hardened by means of a UV 
irradiator or a heater. 
[0040] 

In the above-mentioned embodiment, since the bonding 
process is performed right after the liquid crystal is 
dropped in the sealing material, dust is not attached to the 
panels, thereby improving the production yield. In addition, 
since the XY8 stage Tl can be used for carrying the upper 
panel lb into the vacuum chamber, it is possible to reduce 
the size of the apparatus. 
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[0041] 

The present invention is not limited to the above- 
mentioned embodiment but may be embodied as follows. 
[0042] 

(1) The XY8 stage Tl is provided with a plurality of 
catch claws (corresponding to the catch claw 60 in Fig. 2) 
expandable in the vertical direction. Accordingly, by 
placing the upper panel lb on the catch claws when the XY0 
stage Tl is located in the liquid crystal dropping unit SI 
and moving the XY0 stage Tl to the panel bonding unit 32, 
the movement of the upper panel lb to the electrostatic 
adsorption plate 28 may be performed. 

[0043] 

(2) In addition, the upper panel may be sucked and held 
by the electrostatic adsorption plate 28 directly using a 
robot hand. 

[0044] 

(3) The upper panel lb dropped when the vacuum chamber 
is decompressed may be caught by the catch claws provided in 
the XY9 stage Tl described in (1). 

[0045] 

(4) Before the upper panel lb is dropped, the upper 
panel lb may be pressed to the electrostatic adsorption 
plate 28 by the catch claws 60 shown in Fig. 2 or the catch 
claws provided in the XY9 stage Tl and may be switched to 
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the electrostatic adsorption by decompressing the vacuum 
chamber in the state where the upper panel is adsorbed on 
the electrostatic adsorption plate 28 by suction. In this 
case, by making the upper panel lb not to come in physical 
contact with the electrostatic adsorption plate 28, the air 
between the upper panel lb and the electrostatic adsorption 
plate 28 can be removed at the same time as the 
decompression . 
[0046] 

(5) The upper panel lb may be held at a position slight 
apart from the electrostatic adsorption plate 28 the catch 
claws 60 shown in Fig. 2 or the catch claws provided in the 
XY8 stage Tl and then the electrostatic adsorption may be 
performed in the course of decompressing the vacuum chamber 
without performing the suctorial adsorption. 

[0047] 

(6) In Fig. 2, two corners (two corners forming a 
diagonal) of the upper panel lb is held by the catch claws 
60. However, four corners of the upper panel lb may be held 
or four sides or two longitudinal sides or two lateral sides 
of the upper panel lb may be held by proper means. 

[0048] 
[Advantages] 

According to the present invention described above, 
even when a panel is increased in size and decreased in 
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thickness, it is possible to bond panels to each other in 
vacuum with high accuracy. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a schematic diagram illustrating a panel 
assembling apparatus according to an embodiment of the 
present invention. 
[Fig. 2] 

Fig. 2 is a perspective view illustrating a state where 
an upper panel and a lower panel are bonded. 
[Fig. 3] 

Fig. 3 is a cross-sectional view of important parts 
illustrating a state just before both panels are bonded by 
applying an electrostatic adsorptive force to the upper 
panel . 

[Reference Numerals] 

S2: PANEL BONDING UNIT 

la: LOWER PANEL 

lb: UPPER PANEL 

9: TABLE 

10: LOWER CHAMBER 
21: UPPER CHAMBER 
23: VACUUM VALVE 
27: PRESSING PLATE 
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28: ELECTROSTATIC ADSORPTIVE PLATE 

59: SHAFT 

60: PANEL HOLDING MEMBER 

61: ROTATION ACTUATOR 

62: LIFT ACTUATOR 



